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Introduction

A scintillating tile/fiber design had been selected for the SDC calorimeter. It
consisted of scintillator plates embedded with a wavelength shifting (WLS)
fiber which was spliced to a clear fiber. Based on the results from previous
radiation damage studies on different scintillating materials, SCSN38 had
been chosen for the scintillating tile and BCF91 or Y7 for the WLS fiber.
SCSN38 is a blue-emitting scintillator and both WLS fibers use K-27, a
green-emitting compound, as dopant.

K-27 has a decay time of approximately 12 ns which is long in compar-
ison to that of most blue-emitting materials. Of all the factors that affect
the speed of the scintillator tile/fiber calorimeter, the lifetime of the green-
emitting dopant is the dominant component. To increase the speed of the
calorimeter, it would be desirable that the green WLS fibers utilized had
lifetimes between 3 and 5 ns. However, currently available green WLS fibers
exhibit decay times between 7 and 12 ns. Development of new green-emitting
WLS fibers with short decay times must be investigated.

The goal of this project was to search for commercially available fluores-
cent compounds with A,;,=400-450 nm, Aen=450-550 nm, 7==3-7 ns, and
quantum efficiency of minimum 0.7 (current K-27 baseline}. Large Stokes
shift and low self-absorption were not important requirements since the op-
tical pathlength for the shifted light was small. Characterization of the spec-
troscopic properties of these compounds after styrene polymerization is im-
portant since this is an essential part of the manufacturing of WLS fibers.

Organic compounds fluorescing in the region of interest were purchased
from Aldrich, Exciton, Lambda Physics, and Eastman Kodak. Polystyrene
samples doped with these compounds were prepared in the chemistry labora-
tory of the Particle Detector Group. The samples had a dopant concentration
of 0.02% by weight, with the exception of some dopants which presented sol-
ubility problems. In such cases, 0.01% (by weight) solutions were prepared.
When the dopants were insoluble even at low concentrations, a crown-ether
(C-E) was used as a solubilizing agent. Bulk polymerization of doped styrene
solutions was carried out in Pyrex test tubes immersed in a silicone oil bath.
After polymerization, the plastic rods were cut into l-cm thick disks and
polished. These disks were then used in all the measurements performed.
Transmittance and fluorescence measurements were recorded by the Particle



Detector Group. Light yield and lifetime determinations were performed by
SDC members using their setup at Laboratory 5.

Transmittance and fluorescence spectra were recorded with a Hewlett-
Packard model 8451A diode array spectrophotometer. All transmittance
measurements used undoped polystyrene as the reference. The fluorescence
spectra were measured using an external Hg lamp whose light was brought
into the spectrophotometer by means of a quartz fiber. Different excitation
wavelengths were selected with the use of bandpass filters. Both back-surface
(BS) and front-surface (FS) excitation measurements were performed. In the
former, light from the quartz fiber excited the sample surface that faced away
from the spectrophotometer collection optics. The sample fluorescence was
thus viewed through the sample. In the front-surface (FS) excitation mea-
surements, the quartz fiber was positioned so that the UV light excited the
sample surface facing the spectrophotometer optics. In this case, the fluores-
cence was viewed directly and not through the sample. In both geometries,
a 45° angle of incidence with respect to the surface plane was used.

For general characterization of the dopants, fluorescence data were record-
ed using a 313-nm excitation wavelength which is a region where most or-
ganic materials absorb and is commeonly used in plastic scintillator studies.
Nonetheless, the most representative fluorescence measurement is that using
an excitation wavelength approximately at 430 nm since it is the wavelength
closest to the actual emission of the blue tiles. Some samples would not
absorb at such long wavelengths and 360 nm was selected. Other excitation
wavelengths used were 400 and 450 nm.

Radiation damage studies were also performed on these samples after the
characterization studies were finished. For our convenience, the samples were
irradiated in two sets; radiation damage set numbers 20 and 22. Changes in
transmittance and light yield were recorded at different stages of the study.

This summary presents the transmittance and fluorescence data for each
dopant tested. However, many fluorescence measurements using different
excitation wavelengths and orientations were recorded. These data have been
compiled in the current two volumes. Volume I presents a plot for each
dopant combining transmittance and the most representative fluorescence
measurement. Volume II contains the remaining fluorescence plots which
can be used as support data.

There are three appendices at the end of Volume I. Appendix A lists the



full names and the Chemical Abstracts Service (CAS) registry numbers for
all the dopants tested. The CAS numbers are often listed in catalogs and
handbooks next to the commercial name of the substance. Usually Material
Safety Data Sheets provided by the vendors also contain some of this basic
information. The chemical structures were drawn or searched once the full
names or CAS numbers were available, The chemical structure of the dopant
has been included in the transmittance plus fluorescence plot. Appendix B
contains a summary of all the fluorescence measurements performed. It also
lists both the polymerization and radiation damage set numbers for further
reference. The raw data from these irradiations will be provided in another
document. Appendix C displays a table with the spectroscopic data currently
available. Further details in the light yield (brightness) measurements, the
lifetime determinations and their setup will be published.

We wish to thank the members of the Particle Detector Group for their
help and advice; in particular, Monica Szelag whose plotting skills and good
humor became critical to the final outcome of these documents.
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APPENDIX B: LIST OF FLUORESCENCE MEASUREMENTS
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APPENDIX C: TABLE OF SPECTROSCOPIC CHARACTERISTICS
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